Introduction
During the aging process, there is a progressive loss of lean body mass and an increase in the proportion of body fat. Among several age-related conditions, we may cite sarcopenia, which is characterized by a progressive and widespread loss of muscle mass, muscle strength and/or muscular performance. It leads to a poor health status, increased risk of falls and fractures, impaired functional capacity and increased risk of death. Thus, it has a negative (personal and financial) impact on society (1, 2, 3) .
Studies show that sarcopenia-related mechanisms lead to insulin resistance induced by inflammatory cytokines and to a state of fragility, and that elderly patients with diabetes mellitus (DM) are 1.5 to 2 times more likely to develop the frailty syndrome than elderly patients without DM (4, 5, 6) .
Neurological dysfunction is common people with diabetes and is usually associated with inadequate glycemic control. It can cause diabetic neuropathy (DNP), which is defined as "the presence of symptoms and/or signs of peripheral nerve dysfunction in people with diabetes after the exclusion of other causes". DNP leads to reduced tactile, thermal, vibratory and pain sensibility due to ischemic lesions of peripheral nerves (7, 8, 9) .
Neurological losses in the elderly may lead to the loss of protective sensibility to the plantar aspect of the foot -which is closely related to the establishment of ulcers -, as well as to muscle weakness and decreased range of motion (ROM), due to changes in the connective tissue component of the muscle and atrophy of intrinsic foot muscles. These culminate in changes in postural balance, since the feet are important proprioceptive tools that act dynamically to maintain balance and actively react against destabilization during functional activities such as gait (8) (9) (10) .
Individuals with DNP have lower postural stability than non-diabetic subjects. Moreover, it is known, in association with this condition, aging itself leads to changes in compensatory mechanisms of postural balance. In addition, the increased risk of falls would be an indirect complication of diabetes mellitus, especially in diabetic patients who do not properly control their blood glucose levels (11, 12) .
Thus, the aim of this study was to assess muscle mass, risk of falls and fear of falling in elderly adults with diabetic neuropathy (DNP).
Methods
This study was approved by the Research Ethics Committee of the Catholic University of Brasilia (UCB), protocol 46/2010. All participants received detailed information about the study objectives and procedures, and gave written informed consent (IC).
Sample
This was a cross-sectional study with a convenience sample of 50 inviduals. We analyzed the medical records of 250 patients seen at two public outpatient geriatrics clinics in the Federal District, Brazil, between January and June 2011. Only type 2 diabetic patients aged 60 years or older were selected for screening.
Individuals with type 1 diabetes mellitus, who were severely debilitated, bedridden or amputees, who had dementia, motor sequelae of stroke or plantar ulcers, or who were using assistive devices at study enrollment were excluded.
Evaluation Procedures
Data collection was conducted by the author through 1.5-hour single-session assessments, which took place at the Clinic of the School of Physical Therapy of UCB, during the month of July 2011.
The presence of NP was established using the Neuropathy Symptom Score (NSS)-which consists of a questionnaire on neuropathic symptoms, such as complaints of burning and tingling in the feet, and factors that relieve or worsen such symptoms -and the Neuropathy Disability Score (NDS) -which consists of neurological tests on both feet: Achilles Reflex, vibratory sensitivity using a tuning-fork, and tactile and pain sensitivity. These instruments have been validated for the Brazilian population by Moreira et al. and show good reliability and reproducibility for diagnosing DNP (13) .
Body composition was measured by Bioelectrical Impedance Analysis (BIA) using a four-pole device (Byodinamics ® Model 310). Measurements were performed with the patient placed on a stretcher in supine position, barefoot, legs apart, feet placed 30 cm apart and with the arms parallel to the body. Patients rested for at least 10 minutes before the measurements were taken and were instructed to discontinue the use of diuretics at least nine hours prior to the test. They were also asked to take off all metallic objects they were wearing and avoid the consumption of food and beverages up to four hours before the test. These guidelines are given in the study protocol by Convenient et al. (14) .
Lean body mass and sarcopenia were determined by using the equation proposed by Janssen et al. (specified below). Age at the time of interview is reported as age in years at the last birthday. A score of 1 was used for males and a score of zero was used for females (2) .
LEAN BODY MASS (KG) = [(SQUARED HEIGHT / BIOELECTRICAL RESISTANCE × 0.401) + (SEX × 3.825) + (AGE × -0.071)] + 5.102
The risk of falls was determined using the Berg Balance Scale (15) , which consists of 14 tasks involving static and dynamic balance control during the performance of functional tasks and ranges from 0 to 56. Each task has five alternatives and an ordinal scale from 0-4. Zero indicates that the individual was not able to perform the task and 4 indicates that the subject was able to accomplish the task without any problems. The BBS has been validated for the Brazilian population with 0.98 sensitivity and 0.99 specificity. A score equal to or higher than 45 indicates risk of fall. In this study we used the cut-off point proposed by Berg et al. (16) .
The Falls Efficacy Scale-International (FES-I) is a self-administered questionnaire that measures the fear of falling in elderly people. The FES-I has been translated and validated for the Brazilian population by Camargos et al., who reported that a score ≥ 23 suggests an association with a history of sporadic fall, whereas a score ≥ 31 entails an association with recurrent falls (17) . The entire assessment protocol was conducted by the researchers of this study.
Statistical Analysis
Statistical analysis was performed using SSP version 20 for Windows. First, descriptive statistics (mean and standard deviation) was use to analyze the data. The Kolmogorov-Smirnov test was used for checking the normality of data distribution.
BBS, FES-I and lean body mass values of G1 and G2 were compared using the Student's t test. The probability of type I error was set at 5% for all tests (p < 0.05). We also analyzed the relationship between sarcopenia and BBS using Pearson's correlation test (p < 0.05).
Results 50 elderly patients met the inclusion and exclusion criteria and were included in this study. All participants were diagnosed with DNP according to the NSS and NDS, and were divided into two groups: one with a history of falls in the six months before study enrollment (G1) and the other without history of falls (G2).
G1 was composed of 24 individuals (of which 20 were female) with a mean age of 67.8 ± 7.0 years. G2 was composed of 26 individuals (of which 21 were female) with a mean age of 65.5 ± 4.9 years. The mean time since diagnosis of diabetes mellitus was 15.7 ± 9.1 years in both groups. Table 1 shows the relationship between G1 and G2 regarding functional (BBS, FES-I) and body composition variables. There were statistically significant differences in lean body mass and BBS (p < 0.01) between both groups. Figure 1 shows the relationship between BBS and lean mass as measured by BIA. There was statistical significance (p < 0.01) and a moderate positive correlation (r = 0.45) between the scores of the two measures. 
60.00
Lean body mass
BBS

Discussion
Our results showed a correlation between the BBS scores and the amount of lean body mass in the sample of elderly patients with DNP. In addition, we found that the group of patients with a history of falls had higher scores on the BBS and FES-I, and lower muscle mass compared to the group without history of falls.
This finding leads us to infer that the lower the muscle mass index and the scores on the BBS, the greater the risk of falls in elderly patients with DNP. This is in line with the study conducted by Bretan et al. with 45 elderly patients with type 2 diabetes. In their study, the authors have correlated mean BBS scores and plantar sensitivity as determined with 10-g monofilament, and found mean BBS scores of 48.89 ± 3.51. In addition, according to their results, only four elderly patients (9%) showed changes in skin sensitivity (18) .
This study showed a significant correlation between BBS and FES-I scores, indicating that the greater the risk of falling, the greater the fear of falling. This finding has been also reported by Custodio et al. in their study correlating risk of falls and fear of falling with executive functions such as memory and information processing in elderly adults with low education. The authors also state that the better the resolution in which the environment is visually perceived, the better the postural strategies With regard to the body composition and lean body mass as measured by Janssen's equation, we found that none of the subjects had sarcopenia. However, there were significant differences between G1 and G2. Those patients who had less lean body mass were at a higher risk of falling, a fact demonstrated by the correlation between BBS scores and lean body mass values (2) .
The studies by Kim et al. and van Sloten et al. also report on the deleterious effects of DM on the health of elderly persons. According to these authors, it leads to physical changes such as sarcopenia and obesitywhich are directly associated with loss of functional capacity and increased risk of falls -, as well as to psychosocial problems such as depression and fear of falling, especially in patients with DNP (26, 27) . These findings were also observed in this study. We found that the group of patients with a history of falls had lower muscle mass and higher scores on the BBS and FES-I compared to the group without history of falls. In this study, muscle strength in the lower limbs and the degree of muscle atrophy (especially in intrinsic muscles of the feet) was not taken into account. This could explain the association between lower lean body mass and increased risk of falls, which was observed in this study.
The literature reports that loss of both muscle mass and muscle strength occurs throughout the life cycle, and that changes in muscle mass are accompanied by proportional increments in strength (28) .
In a cohort study, Tilling et al. have found that elderly patients with diabetes are at high risk of falls, especially those patients with inadequate glycemic control. According to the authors, strategies to minimize such risk include: instructing the patient about the disease, and about specific strength-and balancetraining exercise programs (12). Schwartz et al. have also reported a direct relationship between control of blood sugar level and risk of falls, and stated that, in order to minimize the risk of falling, it is essential that patients control their blood sugar levels (29) .
DNP is cited in the literature as being the main complication of diabetes mellitus and significantly affecting the quality of life of patients in terms of mobility and postural balance (30) . Similar findings were also observed in this study, since the elderly patients with DNP showed changes in muscle mass, which may interfere with postural stability and increase the risk of falling. used for balance control and the smaller the fear of falling (19) .
Pinheiro et al. have found that 67% of falls in older adults with DNP occur outdoors, be it in the backyard or even in the street. The authors also report that a single fall event negatively affects the life of elderly individuals by generating insecurity regarding leaving home (due to the fear of falling again). This fear of leaving home may well lead to a greater risk of death and could contribute to increased depression, ptophobia and dependency to perform activities of daily living (ADL) (20) . This finding corroborates the results of this study, in which the mean scores obtained in the FES-I show that both groups (G1 and G2) have a significant fear of falling.
Cordeiro et al. have used the BBS in elderly outpatients with diabetes mellitus and found that they had (mainy age-related) impaired balance and mobility, ADL limitation, no balance strategy, impaired proprioceptive sensitivity and postural hypotension (21) .
In their study, Lopes et al. have reported that approximately 20-60% of the elderly experienced fear of falling, and that this fear is often higher among women, especially when they have sedentary lifestyles (22).
These findings are in line with this study, in which the study population also consisted of communitydwelling elderly people, mostly women (in both groups), who had fear of falling -despite the fact that subjects in G2 had never experienced a fall.
The fear of falling has negative effects on the physical and functional well-being of the elderly. It leads to a higher dependence and a decreased ability to perform ADL and socialization tasks. It contributes to physical inactivity, which in turn leads to sarcopenia, loss of balance, gait abnormalities and increased risk for falls. In addition, it strongly influences the concepts of self-efficacy, which are intrinsically associated not only with physical improvement, but also with psychosocial aspects (16, 23, 24) .
In their review study on the fear of falling in elderly persons, Macedo et al. have found that, when asked to walk around, those elderly who had a history of falls reported feeling fear and anxiety, and tended to grab objects for support and stumble forward as if a fall was imminent. They used especially lighttouch strategies (use of hands) because many did not trust or feel safe using more physiological and automatic strategies, which usually involve the use of the legs (25) .
